Living organisms form TMP3 by the direct phosphorylation of thymidine and through the methylation of dUMP. In bacteria and animals direct thymidine phosphorylation (3) is accomplished by thymidine kinase (ATP: thymidine 5'-phosphotransferase, EC 2.7.1.75) and by a nucleoside phosphotransferase (EC 2.7.1.77). In higher plants, only the latter enzyme may be present (1, 17) even though there are reports of an apparent thymidine kinase in plant extracts (10, 16) .
Living organisms form TMP3 by the direct phosphorylation of thymidine and through the methylation of dUMP. In bacteria and animals direct thymidine phosphorylation (3) is accomplished by thymidine kinase (ATP: thymidine 5'-phosphotransferase, EC 2.7.1.75) and by a nucleoside phosphotransferase (EC 2.7.1.77). In higher plants, only the latter enzyme may be present (1, 17) even though there are reports of an apparent thymidine kinase in plant extracts (10, 16) .
The synthesis of TMP via the methylation ofdUMP is catalyzed by thymidylate synthase (methylene tetrahydrofolate:deoxyuridine-5'-monophosphate C-methyltransferase, EC 2.1.1.6), which has been studied extensively in certain bacterial and animal systems (6) (7) (8) (9) . There is a paucity of information on the direct measurement of thymidylate synthase from plants; hence, the presence of the enzyme is predicated largely on indirect observations such as an altered mitotic index (16) and decreased DNA synthesis and content (19) after treatment with 5-FUdR, a potent inhibitor of thymidylate synthase when phosphorylated (8) .
There appear to be two reasons for the difficulty in directly ascertaining plant thymidylate synthase. First, we have found that the published assay procedures are neither sufficiently sensitive nor, in the case of spectrophotometric approaches, specific when plant extracts are used. Second, normal plant tissues, as in mammalian tissues (6, 9) , would contain very small amounts of thymidylate synthase unless they were about to initiate DNA synthesis (14) . Consequently, studies of thymidylate synthase in bacteria and animals have focused on systems undergoing rapid cell proliferation (5, 8, 9, 11, 14 (22) were grown in nipple flasks with 2.0 ,ug/g naphthalene acetic acid and 1% coconut milk (18) .
Extract Preparation. Chlamydomonas cells were harvested by centrifugation, washed twice with 50 mm Tris-HCl (pH 7.4) containing 1.0 mm DTT and 0.1 mm EDTA, and then ruptured in 10 to 20 ml of the same medium by at least two successive passages through a French pressure cell. Extracts were clarified by centrifugation at 10,000g for 1 h, and the resulting supernatant fractions served as crude enzyme sources.
All tissue culture samples were homogenized in Tris buffer (10 ml/l g fresh weight) using a Potter-Elvehjem tissue grinder after initial disruption with a mortar and pestle. The extracts were centrifuged as before and the supernatant solutions were used as enzyme sources.
Preparation of Ns,N10-Methylenetetrahydrofolate. During the course of preliminary experimentation, we were unable to determine with consistency the presence of thymidylate synthase in plant extracts even though we employed a number of assay approaches (14, (23) (24) (25) Columns were eluted with deionized H20 until 15 ml of eluate had been collected in five equal fractions. Radioactivity in a 1.0-ml aliquot from each fraction was determined after mixing with 10 ml of a modified Triton scintillation cocktail (1,998 ml toluene: 999 ml Triton X-100: 16.5 g PPO: 450 mg dimethyl POPOP). Counts from control fractions (minus dUMP but otherwise identical and subjected to the foregoing postassay protocol) were subtracted from counts from respective complete fractions before calculating the nmol of TMP formed.
Protein Content. Protein was determined according to Lowry et al. (15) . The levels of enzyme activities reported here were the means from between three and six separate determinations.
RESULTS AND DISCUSSION
In preliminary experiments we screened for thymidylate synthase activity in extracts from 96-h-germinated tobacco seedlings and the first 0.25-cm of root tips from 2-to 12-day germinated cotton seedlings. At times there was apparent thymidylate synthase activity in such extracts but the majority of assays were negative. Previous findings in our laboratory (Bimbaum, unpublished data) had also suggested that germinating tobacco seedlings contained thymidylate synthase activity. However, the specific activity was low, difficult to demonstrate repeatedly, and the radioisotope (originally as ['4CJformaldehyde) could be detected in thymidine but not in TMP. Tobacco seedling extracts, inactive with regard to thymidylate synthase activity, were added to assay mixtures containing crude enzyme from E. coli cells but had no effect on the amount of TMP formed by the latter enzyme source. Thus, the inconsistent activity in tobacco seedlings was apparently not due to the presence of specific inhibitors of thymidylate synthase activity. The enzyme from seedlings may be labile in vitro (7) or unduly diluted by nondividing tissues during extraction (14) . As a result of these preliminary experiments, selected cell and tissue cultures were surveyed for thymidylate synthase activity under the assumption that repeatedly active extracts had to be prepared from materials containing a higher proportion of proliferating cells than would be present in tobacco seedlings or even cotton root apices. Results are shown in Table I (Table  I) were as much as 2-to 4-fold greater than reports (in nmol TMP formed/mg protein-h) for pig thymus (6.2 nmol) (9), 7-day chick embryos (5.6 nmol) (14) , and calf thymus (4.8 nmol) (11) . However, meaningful comparison is difficult because of the differences in assaying for enzyme activity.
The phosphorylated derivative of 5-FUdR, 5-fluorodeoxyuridine-5'-monophosphate, is a well known, potent inhibitor of thymidylate synthase (8) . Thymidylate synthase activity in Chlamydomonas extracts was reduced by 95% on a per cell basis when algal cells were cultured in the presence of 100,UM 5-FUdR for 48 h (data not shown). When the data were expressed on a protein basis, thymidylate synthase levels were reduced 87% by 5-FUdR treatment (25.7 and 3.3 nmol TMP formed/mg protein-h for control and 5-FUdR-treated cells, respectively).
Our findings of thymidylate synthase activities in selected cell and tissue culture extracts should allow future studies to focus on the purification and characterization ofplant thymidylate synthase from such systems.
